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The limiting value of the RBE at low doses or low dose rates varies with
the tissue or cell irradiated (Br73, Fi69, Fi71). This has been documented
extensively with cell lethality as an endpoint; but there appears to be at
least as much variation between systems when carcinogenesis, mutation,
or transformation in vitro is the endpoint. The limiting value of the RBE
also varies by a factor of about 2, depending on whether x rays or gamma
rays are used as the low-LET radiation (Bo83). This is consistent with
the difference in microdosimetric spectra that are characteristic of 250-keV
x rays, as compared with those which are characteristic of high-energy
gamma-rays (E172). There is some evidence, at least in C3H10T1/2 cells,
that the RBE of neutrons relative to x rays may depend on the level of
tumor promoting agent present, since TPA has a larger influence on the
incidence of oncogenic transformation induced by x rays than neutrons
(Ha82).

RBE was a relatively simple concept when it was first introduced,
during an era in which radiobiological experimentation was characterized
by measurements of the dose which was lethal to 50% of the laboratory
animals (LD50) (Bo78). It has now become a complex quantity as a result
of the sophistication of the biological systems that are available. While the
RBE is complicated by its dependence on dose and dose rate, there is no
prospect, at present, that this useful concept can be dropped. A vast body
of additional human data will be needed before the concept of RBE can be
replaced. However, selection of an appropriate RBE in a specific situation
is often difficult. An intensive review of RBE values from experimental
systems, including in vitro studies and studies of carcinogenesis in laboratory
animals, leads to the conclusion that, for fission spectrum neutrons, RBE
values range from about 2 to greater than 100 (ICRU86).

In the analysis of a-bomb survivor data in Chapter 4 of this report, the
committee elected to assume a value of 20 for the RBE of bomb neutrons
relative to gamma rays for radiocarcinogenesis. This is consistent with the
value of Q recommended by national and international groups concerned
with radiation protection (NCRP87a, ICRP85). It is also consistent with
many experimentally determined RBE values obtained for a variety of
tumors in experimental animals, although it was recognized that lower, as
well as higher, values have been reported for some neoplasms.

EFFECTS OF RADIATION ON GENES AND CHROMOSOMES

The Genome

The human genome is composed of DNA that is contained principally
in the chromosomes and, to a much lesser extent, in the mitochondria.
The chromosomes, of which there are 23 pairs, contain about 6 x 109